Joint measurement is necessary for studying joint laxity. Joint laxity in elbows is a problem which normally comes with age. However, it can increase to critical levels with rupture or damage to the ligaments of the elbow and affects the stability and capabilities of the joint, interfering even with daily activities.
with the help of biplanar roentgenograms [3] . They obtained three-dimensional kinematics of the joint in their research.
Tanaka et al. used electromagnetic motion tracking data and described the first three-dimensional elbow kinematic [4] .
Lateral roentgenograms used a kinematic analysis of elbow kinematics by London [5] . In this research, London used a special Reuleaux technique for analysis. The Reuleaux technique [11] was first used by Fisher to obtain he location of the axis of elbow flexion [6] .
Bottlang et al. [7] used direct electromagnetic motion tracking to trace the passive and dynamic motion of the natural elbow joint.
With improving technology and silicone technology, inertial and magnetic sensors have also been employed for measuring human joints [8] .
In this study, a Stewart platform based device was developed for measuring elbow kinematics. The Stewart platform mechanism was first proposed as a flight simulator in 1965 by Stewart [9] .
Materials and methods

Stewart Platform Mechanism
The Stewart Platform Mechanism (SPM) is a six-axis parallel mechanism. This type of parallel mechanism is often applied in robotics and also in the medical field. A Stewart platform type robot has one moving plate, six parallel actuators and one fixed plate. Actuators are usually mounted between the moving plate and the fixed plate by spherical or universal joints. This configuration allows the mechanism to have three translational and three rotational motions.
In this study a Stewart platform type measurement device was used. This device also has one moving plate and one fixed plate, but instead of actuators it has six linear potentiometers (Fig. 1 ). Stewart platform based elbow joint measurement device (a), arm fixation apparatus (b,c).
Measurement method
The SPM is a kind of kinematic chain. In this study, potentiometers were used as the legs of the SPM. Potentiometer data were used for calculating the elbow kinematics. An illustrative block diagram to illustrate the method of measurement method is found in Fig. 2 . Measurement steps.
As shown in Fig. 2 , the first step is to fix the subject's forearm to the SPM. The next step involves gathering the potentiometer data from the data acquisition device while the forearm is moving. Calculating the position of the centre of gravity of the SPM using the model of SPM derived from Matlab Simmechanics constitutes the third step in measuring. The Matlab Simmechanics model includes the forward dynamics and kinematics of the SPM. The forward kinematics method is one of the critical parts of the measuring. In parallel mechanisms such as the SPM, it is extremely difficult to derive the positions of the centre of gravity from the leg lengths. Many methods have been developed for solving this problem. The most important one is the Newton-Rhapson method, which entails an iterative solution [10] . The block diagram of a virtual Simmechanics model of SPM is shown in Fig. 3 . The final step allows us to obtain the elbow kinematics from the position of the SPM. Matlab-Simmechanics model of the SPM.
Elbow kinematics
The SPM has three translational (
) and three rotational ( Obtaining the coordinates of the rotation centre is significant when treating diseases of the forearm. Almost all elbow implants have one rotation centre because they are fully mechanical structures and not biological structures. The normal elbow is a flexible joint thanks to its ligaments and this means that it has no exact rotational centre. The laxity of the elbow joint can be expressed in the space of the centre of rotation. The advantage of the Stewart measurement device is that it makes all motions of arm measurable not only evident motions such as flexion and extension, but also negligible motions, including all six of its axes.
In both the side and the top view of SPM, it is clearly shown (see Fig. 5b-c Motions of SPM and centre of rotation during the vargus and valus motions.
Results
The forearms of two subjects were tested by the SPM based measurement mechanism. The motions of the SPM and centre of rotation can be seen in Fig. 6 . In Fig. 6 were created from the data taken from one subject during the vargus and valus motions and were not created with the aim of comparison. They show that the SPM-based measuring mechanism allows all six axes to be measured.
Flexion and extension motions are shown in Fig. 7 . The flexion angles are limited to about 80 degrees because the lengths of potentiometers are themselves limited. Flexion and extension angles.
The varus and valgus motions are shown in Fig. 8 . In the first graph, the subject starts with varus motion and follows it with valgus motion. Both graphs illustrate that the varus and valgus motion capacities are limited to a minimum of 5 degrees.
Figure 8:
Valgus and varus angles. Fig. 9 illustrates the centre of rotation of the forearm on the YZ axis during valgus and valus motions, exposing joint laxity. Joint laxity is directly related to the bounds of the links so this is the main reason for selecting both valgus and varus motion. Values are a little bigger than expected, because fixing both forearm and shoulder to the set up is insufficiently exact.
Conclusion
A Steward platform based elbow joint measurement device is tested with basic motions of the forearm. The mechanism was tested with two subjects and succeeded in measuring all the motions of the forearm and ascertaining the centre of rotation. Tests were executed with the help of another person to ensure that the subjects made the specified motions.
The accuracy of the device was found insufficient because of the way in which the arm was fixed. Using special clamps should make the device more accurate.
In further works, a new SPM based joint measurement device with forced feedback should more accurate and should gather more comparable data with the help of forced feedback and linear actuators.
